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 ABSTRACT 
 
The reliable operation of the electrical system at Callide Power Station is of extreme 
importance to the normal everyday running of the Station.  This study applied the principles of 
reliability to do an analysis on the electrical system at Callide Power Station. It was found that 
the level of expected outage cost increased exponentially with a declining level of 
maintenance.  Concluding that even in a harsh economic electricity market where CS Energy 
tries and push their plants to the limit, maintenance must not be neglected. A number of system 
configurations were found to increase the reliability of the system and reduce the expected 
outage costs. A number of other advantages were identified as a result of using reliability 
principles to do this study on the Callide electrical system configuration.   
 
 
1.0 INTRODUCTION   
 
Callide Power Station is a key contributor to 
Queenslands electricity consumption with an installed 
capacity of 700MW which translates to providing 
about 20% of the states electricity consumption per 
annum.   The reliable operation of the electrical 
system at Callide Power Station is of extreme 
importance to the normal everyday running of the 
Station. 
 
The electrical system at Callide comprises of a 
number of key components, namely 6.6kV/415V 
transformers, switchboards, cables, and circuit 
breakers.  These  electrical machinery and hardware 
are inherently very reliable.  However, in all cases the 
failure of these components would directly or 
indirectly effect the Station in some way. For instance 
the failure of a switchboard Unit 6.6kV tie circuit 
breaker, could mean a total loss of generation to a 
Unit.  In all cases failure is undesirable not only in 
monetary terms to fix or replace the hardware but it 
would also increase the risk to the Station of not 
producing full load capacity and hence reduce 
revenue. 
 
At present transformers, switchboards, and circuit 
breakers are maintained and overhauled primarily on 
fixed termed periods governed by when the entire Unit 
is due for an overhaul.  Power cables are maintained 
and repaired on an as required basis. 
 
However, with the new corporatised environment 
which CS Energy finds itself in there is increased 
expectations from the Government to increase return 
on assets.  The practice of overhauling machinery 
based on a deterministic cyclic period is being 
questioned in the context of cost and optimal plant 
usage.  
 
This means that Plant is expected to run for longer 
periods between overhauls.  The short term gains 
might be insignificant when compared to the long 
term damage to these system components resulting in 
reduced sustainable Plant electricity output.   
 
Reliability based maintenance on the items of Plant 
mentioned could be used in a Power Station to profile 
the failure modes of Plant and in doing so define 
priorities. This information obtained indicates the 
likelihood and severity of a failure event which when 
combined with characteristic plant information can be 
used to design a strategic maintenance program 
specific to the Plant requirements whilst satisfying 
Corporate objectives. 
 
The Transmission and Distribution authorities have 
used reliability maintenance studies to good use to 
determine optimal maintenance requirements and to 
plan reinforcement and augmentation works.  This 
concept has not been used or explored in the 
Generation industry to a detailed extent.  Preliminary 
reliability studies have been carried out in the design 
phases in the construction of a power station to assess 
redundancy and equipment rating requirements but as 
such these techniques have not been used at power 
stations to set up a maintenance program or review 
existing operational arrangements. 
 
 
2.0 RELIABILTY THEORY 
 
Before delving into the intricate details of the Callide 
Power Station electrical configuration, some basic 
reliability theory is highlighted in this section. 
 
The reliability program used to perform the reliability 
analysis was the “Starel” software reliability package.  
This package uses Markov modeling techniques to 
provide its output reliability indices.  The content of 
this section refers to the theory behind using Markov 
modeling techniques. 
 
2.1  The Markov Process 
 
To evaluate the reliability of an engineering system, 
the system is often decomposed into  a number of 
individual sub systems or constituent components.  
The reliability of these components can be calculated, 
or may be known from experience, and then combine 
using the various techniques to estimate the reliability 
of the complete system.  These numerical techniques 
include those for series, parallel, combination 
series/parallel, and meshed systems. 
 
For practical systems, including power systems, repair 
is not an instantaneous process, and extended 
numerical techniques are required to model the repair 
process. 
 
One of these extended techniques is known as the 
Markov process which can be adapted to successfully 
model the failure and repair process of an electric 
power system.  The Markov technique is a state space 
approach to reliability evaluation, where a power 
system is defined as existing in any one of a number 
of finite system states at a particular instant in time.  
Throughout the lifetime of the power system, 
transitions at certain rates will be made between 
power system states as components fail and are 
repaired, and a certain probability of existing in a 
particular state can be derived from these transition 
rates. 
 
The Markov technique is satisfactory for stationary 
systems characterised by a lack of memory.  Lack of 
memory occurs when future states do not depend on 
past states, except the immediately preceding state.  A 
stationary system is one whose probability of 
transition between system states remains constant for 
all instants of time.  Therefore, the Markov process 
can be successfully applied to systems characterised 
by exponential and Poisson distributions, which are 
defined by constant hazard rates. 
 
2.1.1  Transition Rate Concepts 
Consider a single repairable component whose 
reliability is characterised by an exponential 
distribution.  Therefore, the repair rate and failure rate 
for the component are constant and defined by 
constants μ and λ respectively.  The state transition 
diagram, or Markov model for this component is 
shown in Figure 1. 
 
 
 
 
 
 
 
Figure 1:  State Space diagram for Single 
Repairable Component 
 
The parameters λ and μ are referred to as state 
transition rates, since they define the rate at which a 
system transfers between states, and are defined by 
[1]: 
 
λ = number of failures of a component in the given period of time 
 total period of time the component was operating   …(1) 
 
μ = number of repairs of a component in the given period of time   
           total period of time the component was being repaired  …(2) 
 
λ and μ are related to the Mean Time To Failure 
(MTTF) and the Mean Time To Repair (MTTR) by 
the following equations [2]:  
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From the procedure outlined in [3], the limiting state 
probabilities can be evaluated and are found to be: 
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These limiting state probabilities Po and P1 represent 
the probability that the component is either in the 
State 0 
 
Component
Operable 
State 1 
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operable state (State 0) or in the failed state (State 1) 
respectively. 
 
The reliability evaluation of stations can be based on 
the above process of state enumeration.  For a 
substation, major components such as bus sections, 
transformers or circuit breakers can be enumerated via 
their state space representations and combined to yield 
the reliability of the overall station. 
 
The software package Starel evaluates substation 
reliability in this manner.  The state space models for 
major station components consisting of bus sections, 
transformers and circuit breakers shall now be 
discussed and analysed in detail. 
 
 
3.0  RELIABILTY STUDIES USING THE    
STAREL SOFTWARE PACKAGE 
 
The Starel software program was used to input 
reliability values for each station component  The 
program provides a number of outputs relating to 
reliability indices, and expected outage costs. 
 
The software package Starel was designed for the 
reliability analysis of transmission substations.  A 
number of manipulations to the configuration of the 
Callide system was used so that this software could be 
used to model a station configuration.  These changes 
are highlighted in Section 4.0.  The principle of 
reliability evaluation is based on frequency and 
duration techniques using Markov models.   
Reliability computations are carried out for major 
substation components .  These were circuit breakers, 
switchboards, and transformers.  The results for all 
components are then combined to yield an assessment 
for the station as a whole.   
 
 
4.0  APPLYING STAREL RELIABILTY 
SOFTWARE TO ANALYSE THE CALLIDE 
SYSTEM 
 
One of the most critical consideration in analysing 
this paper topic was to identify how the Callide 
system is currently being operated and cross check 
this with other possible system configurations of the 
electrical plant.  The system is very large and 
complicated with a great number of individual 
components and parallel sources of supply which 
gives certain switchboards double and in some cases 
triple contingencies.  
 
4.1  Determination of Reliability Rates for Station 
Components 
 
The fault, maintenance, repair rates and times for all 
station components were obtained from IEEE 500 
Reliability data [4]. In some cases manipulation of 
data was used to obtain reasonable reliability indices.  
For instance the IEEE Reliability tables gave fault 
rates for transformers of a certain MVA rating.  As the 
MVA rating of a transformer increases, the fault level 
also correspondingly increases so therefore the fault 
rate of the machine should also increase.  Hence as the 
MVA rating of the transformer increases or decreases 
the fault rate for that transformer was scaled 
accordingly. 
 
Note that the 415V DA circuit breakers has a 
relatively high failure rate.  These circuit breakers 
have shown that they fail to operate satisfactorily once 
every 2 years.  This gives them a local failure rate of 
0.5 occurrences per year.   
 
4.2  Callide  Electrical System Separation 
 
The system was broken up into individual manageable 
sections for reliability studies. Each sub system was 
looked at independently of the other sub systems.  
 
These subsystems analysed were Unit 1, Unit 2, 
Station, and the Emergency supply.  The following 
sections give the description of the various 
subsystems. 
 
4.2.1  Subsystem Description 
Unit 1 consisted of a system made up of 23 circuit 
breakers, 11 bus sections, and 14 load points.  This 
current configuration is shown in Figure 2. 
 
Unit 2 consisted of a system made up of 20 circuit 
breakers, 10 bus sections, and 12 load points. 
 
The Station system consists of a system made up of 37 
circuit breakers, 20 bus sections, and 20 load points.   
 
The Emergency system consists of a system made up 
of 19 circuit breakers, 5 bus sections, and 13 load 
points. 
 
4.3  Costing Data 
 
Costing data was also included to look at the potential 
monetary losses associated with outages to individual 
plant components.  This information could be used as 
a means of quantifying an operating change to the 
system not only is technically feasible but also 
financially the better option.  This analysis was 
performed by estimating the potential MW lost when a 
certain system contingency was encountered.  A 
revenue figure for each MWh generated was estimated 
@ $39/MWh.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Unit 1 current configuration 
 
 
5.0  CURRENT SYSTEM OPERATION 
 
This section focused on how the current Callide  
Electrical system was configured and operated.  Issues 
that were specifically focused on were: 
 
• How is Callide Power Station currently being 
operated  
• The reliability of critical loads using this existing 
configuration  
• Outline of what was entered into the software 
• Assumptions used in the analysis 
• A sensitivity analysis on varying levels of 
maintenance 
 
For each of the subsystems, the current system 
configuration was determined and the reliability 
indices of each system component was entered in the 
Starel program. 
 
For each subsystem analysed, Starel provided results 
of the probability, frequency and duration of failure 
for the load points analysed. 
 
Starel also provides the expected outage cost for the 
entire subsystem analysed expressed as $/annum.  
 
Branch Outages due to Station Originated Events 
From Bus   To Bus        Probability   Freq          Duration 
                                                    /Yr.             Hrs/Yr. 
UNIT1          1AUTXF      0.00025402   0.196936     2.225 
UNIT1          1BUTXF      0.00036408  0.204296     3.189 
UNIT1          1AMF          0.00025402  0.196936     2.225 
UNIT1          1CMF          0.00049034  0.322253     4.295 
UNIT1          1BMF          0.00036408   0.204296     3.189 
UNIT1          1APREC      0.00027000   0.210016     2.365 
UNIT1          1BPREC     0.00038006   0.217376     3.329 
UNIT1          1AU415      0.00088646   2.198840     7.765 
UNIT1          1TURB       0.00000281   0.008960     0.025 
UNIT1          1BU415     0.00099653    2.206201     8.730 
UNIT1          1UBUNKLOAD 0.00055171 0.345526    4.833 
UNIT1          1/2BUN        0.00079082   0.494182     6.928 
UNIT1          1CU415LOAD 0.00100514 1.448797     8.805 
 
Table 1: Unit1 current configuration Starel results  
 
5.1  Analysis of Results 
 
A sensitivity analysis was performed on the effects of 
increasing and decreasing the amount of maintenance 
done on plant items and seeing how this would effect 
the overall reliability of the system.  This was 
achieved by decreasing and increasing the failure rate 
of each plant item in the current system configuration.  
This decreased/increased failure rate was then input 
through the studies and the results for each supply 
point calculated for each sub system.  Figure 3 shows 
the effects of varying levels of maintenance for the 
Unit 1 subsystem.  
 
5.2 Cost Analysis 
 
The expected outage cost per annum for the three 
varying levels of maintenance associated with each 
system configuration was calculated.  The results for 
the current Unit1 configuration is shown in Table 2. 
 
Scenario Maintenance 
Cost ($) 
Expected 
Outage Cost ($) 
Current System 105,000 111,885.17 
Current System – 
incr maintenance 
126,000 97,159.80 
Current System – 
Decr maintenance 
84,000 141,332.08 
Table 2: Unit1 current system  
 
 
Figure 3: Effects of varying levels of maintenance on 
the probability of failure of supply points. 
 
 
6.0  OTHER POSSIBLE SYSTEM 
CONFIGURATIONS 
 
Other possible system configurations that could 
increase the reliability of the Callide electrical systems 
and help reduce the expected outage costs were 
analysed for each subsystem. 
 
6.1  Differences in Other Subsystem Configuration 
 
For Unit 1 the major difference in the analysis of the 
other possible system configuration was to decide 
whether one of the Unit1 6.6kV boards would supply 
the Station subsystem 6.6kV board.   
 
For the Unit 2 subsystem an analysis was done on the 
effects of closing a bus tie circuit breaker between the 
C and B Unit 6.6kV boards instead of the A and C 
6.6kV boards as in the Unit 2 current system 
configuration. 
 
Two other possible system configuration were 
analysed for the Emergency system.  The first 
involved the A Station 415 switchboard supplying the 
Station Standby bus and the other configuration 
involved the B Station 415 switchboard supplying the 
Station Standby bus.   
  
For each alternative subsystem configuration, a 
reliability study and cost analysis was done. 
 
 
7.0  COMPARISON BETWEEN CURRENT AND 
ALTERNATIVE  SUB SYSTEMS 
 
For the Unit 1 subsystem the difference in failures per 
year and the expected outage cost shown in Table 3 & 
4 reaffirms the observation that the current system 
configuration is more reliable and cost effective than 
the other possible system configuration. 
 
Scenario Expected Outage Cost ($) 
Current System 111,885.17 
Other System  118,299.45 
Table 3: Unit1 Comparison of expected outage cost 
 
Prob of Failure (failures/year) 
Load Points Current Other Difference 
1AUTFR 0.0002540 0.000254 0 
1BUTFR 0.0003640 0.000364 0 
1AMF 0.0002540 0.000254 0 
1CMF 0.0004903 0.000494 -4.03E-06 
1BMF 0.0003640 0.000364 0 
1APREC 0.00027 0.00027 0 
1BPREC 0.0003800 0.00038 0 
1AU415 0.0008864 0.000886 0 
1TURB 0.0000028 2.81E-06 0 
1BU415 0.0009965 0.000997 0 
1UBUNKLOAD 0.0007900 0.000794 -4.02E-06 
1/2BUN 0.0007908 0.000795 -4.03E-06 
1CU415LOAD 0.0010051 0.001009 -4.03E-06 
STATA6.6 n/a 0.000488 n/a 
Table 4: Unit1 Current and alternate sub system 
probability of failure comparison 
 
The results from the Unit 2 current and the other 
possible system configuration involving the closing of 
either 6.6kV tie circuit breakers showed that either 
circuit breakers closed does not effect the system 
reliability or Expected Outage cost of the Unit2 
configuration.  The expected outage cost was 
calculated at $104 673 for both configurations. 
 
For the Emergency subsystem it was found that the 
existing configuration was less reliable and higher in 
expected outage costs when compared with the two 
other possible configurations analysed. 
 
 
8.0  COMPARISONS IN LEVELS OF 
MAINTENANCE 
 
In the sensitivity analysis carried out on the current 
Unit 1, Unit 2, Station,  and Emergency sub systems, 
the failure rate for components were decreased and 
increased to simulate varying levels of maintenance.   
 
A decreased in failure rate could be achieved by: 
 
a) Increasing the frequency of maintenance 
b) Frequent preventive maintenance programs 
c) Use manufacturer’s recommendations for 
intervals between maintenance and using 
approved or recommended parts/components. 
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d) Use on-line condition monitoring devices 
e) Skilled, well trained tradespeople carrying out 
the maintenance work 
 
For the sensitivity analysis, the failure rate of the 
system under current conditions was halved to obtain 
the increased maintenance rate. 
 
An increased in failure rate could be the result of: 
 
a) Neglect to carry out regular maintenance  
b) Poor workmanship 
c) Use of materials / spares not recommended for 
use by the manufacturer 
  
As a result of these studies the tables 5 & 6  
summarises the effects on the expected outage cost 
caused by varying levels of maintenance. 
 
Current 
SubSystem 
Maintenance Cost 
Incr Current Decr 
Unit 1 126 105 84 
Unit 2  126 105 84 
Station  153 127.7 102 
Emergency 68 56.3 45 
Totals 473 394 315 
Savings -79 N/A +79 
Table 5: Maintenance Cost per Annum 
 
Expected Outage Cost ($ 000/yr) 
Increased Current Decreased 
97.2 111.9 141.3 
89.8 104.7 134.4 
66.3 103.7 178.9 
174.6 244.4 383.9 
427.9 564.7 838.5 
+136.7 N/A -273.8 
Table 6: Expected Outage cost per annum 
 
 
9.0  RECOMMENDATIONS 
 
A number of recommendations were suggested as a 
result of the findings of this paper on the Callide  
electrical system.  These are: 
 
9.1 Level of Maintenance 
 
It was clearly evident that the outage cost does not 
display a linear relationship with the levels of 
maintenance.  A decreased in the level of maintenance 
results in an escalating expected outage cost.  
Conversely an increased in the level of maintenance 
results in a less significant reduction in outage costs. 
 
Callide’s existing maintenance is considered 
satisfactory.  However as these equipment start to age, 
maintenance must not be neglected due to 
exponentially rising expected outage costs as a result 
of decreased levels of maintenance. 
 
9.2 Priority Maintenance on Supply Points 
 
In the future if it was decided to priortise maintenance 
on plant items due to factors such as; 
 
1) Maintaining full availability of the system at 
all times; 
2) Decrease workforce; 
3) Engineering decision based on high reliability 
of such components; 
 
then priority much be given to maintaining the plant 
components and equipment supplying the load points 
which show the highest frequency of failure.  
 
9.3 System Configurations 
 
The existing Unit 1 configuration was found to be 
both more reliable and lower in expected outage cost 
than the alternative configuration.  For Unit 2 both the 
existing and alternate configuration showed similar 
results hence both are considered equally satisfactory. 
Both alternate Emergency subsystems had better 
results than the existing setup.  Hence the alternate 
configurations were recommended. 
 
 
10.0 CONCLUSION 
 
In conclusion the basic framework used for this study 
could be used as an updating tool to check the 
reliability of the Callide electrical system in 
succeeding years.  Also when a significant Plant 
modification is proposed a similar assessment can be 
performed to obtain the best option in term of 
reliability and cost/benefit before reinforcement. 
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